Objectives. We examined whether high levels of consumption of sugarcontaining soft drinks were associated with mental distress, hyperactivity, and conduct problems among adolescents.
1
Evidence of the negative effects of sugar on mental health has not been as convincing, 2 although for many years parents and teachers have claimed that high sugar intakes lead to attention and conduct problems in children. [3] [4] [5] Norway has the highest soft drink consumption rate in the world, 115 L (245 pt) per inhabitant per year. 6 One of the primary ingredients in soft drinks is sugar, with an average soft drink containing 100 g/L. Two ecological studies have shown a correlation between per capita sugar consumption levels and prevalence rates of depression. 7, 8 In addition, in both a cross-sectional investigation and a cohort study, insulin resistance was found to be inversely linked to suicide rates and depression, probably as a consequence of increased serotonin concentrations. 9, 10 To our knowledge, no population-based crosssectional studies have analyzed the association between sugar consumption and mental health problems among adolescents. Hypothesizing that Norwegian adolescents who consumed large quantities of sugar-containing soft drinks would tend to report more mental health problems than adolescents who consumed low or moderate amounts of such beverages, we examined the association between intake of soft drinks and mental distress, conduct problems, and hyperactivity, controlling for eating habits and social and behavioral variables. Of the 8316 eligible students, 7343 (88.3%) were enrolled in the study. As a result of error associated with data coupling, information on gender was missing for 38 participants; these participants were excluded. Thus, participation rates among boys and girls were 86.1% (n = 3611) and 90.6% (n = 3694), respectively. The self-report questionnaires used in the study were completed during 2 school hours. The gender and age distributions among those who did not participate were the same as the distributions among those who took part.
METHODS
Of the total of 7305 participants, 1758 (24.2%) were coded as minority students, defined here as both parents being born outside of Norway. Because food consumption patterns and mental health indicators among minority groups in Norway have been shown to be different from those of native Norwegians, we chose to exclude these minority adolescents. We were then left with 5547 (75.8%) students with least 1 parent born in Norway.
Dependent Variables
We used the 10-item Hopkins Symptom Checklist (HSCL-10) to measure mental distress. This instrument has been shown to have high reliability (Cronbach α = 0.8), and its correlations with other similar instruments, including the HSCL-90, are in the range of 0.87 to 0.97. [11] [12] [13] The 10 items included in the short version used here (assessed in terms of the past week) are as follows: feeling panicky, anxious, dizzy, tense, sleepless, sad, worthless, and hopeless; finding fault within the self; and finding everything a burden. Each item is rated on a scale ranging from 1
(not at all) to 4 (extremely). An average score of 1.85 or higher for the 10 items overall, corresponding to the 1.75 cutoff score for the HSCL-25, has been shown to be a valid predictor of mental distress among individuals aged 16 to 24 years. 13 The Strengths and Difficulties Questionnaire assesses the mental health status of children and adolescents. This 25-item instrument contains 5 subscales: (1) Emotional Symptoms, (2) Conduct Problems, (3) Hyperactivity, (4) Peer Problems, and (5) Prosocial Behavior. Scores from the first 4 subscales are summed and used to calculate a total difficulties score. The questionnaire has been found to have acceptable internal consistency reliability values (mean Cronbach α = 0.73) and acceptable validity in terms of its effectiveness in independently diagnosing psychiatric disorders (mean odds ratio [OR] = 6.2). 14, 15 We used 2 of the subscales, Hyperactivity and Conduct Problems, together with the total difficulties score. We did not include the Peer Problems and Prosocial Behavior subscales, because they were not directly relevant for the aim of our study, or the Emotional Symptoms subscale, because such symptoms were covered with the HSCL-10. Each subscale item is rated on a scale ranging from 1 (not correct) to 3 (completely correct). Similar to the practice in several earlier studies (including 1 Norwegian study), we set the cutoff point at the 90th percentile of sample scores. [16] [17] [18] 
Explanatory Variable
The primary explanatory variable was consumption of sugar-containing soft drinks. Participants were asked, "How much do you normally drink cola or 'fizzy' drinks with sugar?" (This question had also been used in another study involving Norwegian adolescents. 19 )
Response categories were as follows: seldom/ never, 1 to 6 glasses per week, 1 glass per day, 2 to 3 glasses per day, or 4 glasses or more per day. A "glass" was defined as containing approximately 200 mL.
We assessed the possible confounding properties of food-related variables and adjusted these variables as necessary in a logistic regression model. We also assessed social and behavioral variables.
Breakfast and lunch consumption. Participants were asked, "How often do you eat breakfast, lunch, and dinner in an ordinary week?" They were more likely to report skipping breakfast and lunch than to report skipping dinner, and those who skipped breakfast and lunch were more likely to report increased soft drink consumption. Therefore, we elected to compare those consuming breakfast and lunch daily with those consuming breakfast and lunch less than daily.
Consumption of fruits/berries, chocolates/ sweets, and potato chips. Participants were asked to rate the frequency with which they consumed these foods on a 6-category scale ranging from never/seldom to 3 times or more per day. These categories were dichotomized into consumption frequencies of 1 to 3 times per week or less and 4 to 6 times per week or more.
Parents' educational level. Statistics Norway registers data on the educational levels of all of the country's residents via the Norwegian Educational Standard coding system. 20 We used this system to link data on parents' educational levels with the data of our adolescent participants. Because only small numbers of parents had no formal education or had completed only primary school, these groups were classified together with those for whom completion of secondary school was their highest educational level. The 2 other groups were defined as those having completed fewer than 4 years of college and those having completed 4 years of college or more. Family structure. Participants provided selfreported data on the type of family structure within which they lived. In the analyses, living with both parents was compared with all other forms of family structure.
Social support. As a means of assessing social support, participants completed items focusing on support received from family, friends, classmates, and teachers. Ratings were made on a scale ranging from completely agree (1) to completely disagree (4). Median ratings were used to dichotomize those at high and low levels of perceived social support. 21 Alcohol use. Participants were asked (1) whether they had ever consumed alcohol, (2) whether they had ever been intoxicated, and (3) to indicate their alcohol intake (in terms of overall quantity) in the past year. We considered the question focusing on whether participants had even been intoxicated as more useful than the other 2 questions because almost all of the participants had consumed alcohol and we were more interested in the behavior of drunkenness than in the quantity of alcohol consumed. In particular, we were concerned about misclassification in terms of the quantification question. However, the correlation between the questions focusing on intoxication and quantity consumed was strong (r = 0.65, P < .01).
Smoking status. This variable was dichotomized into participants who did not smoke and those who smoked daily or occasionally.
Statistical Analyses
We used SPSS version 11 (SPSS Institute, Chicago, Ill) to conduct the statistical analyses. We generated frequency tables and cross tabulations, and we calculated Pearson χ 2 tests
and odds ratios using a logistic regression model. The level of significance was set at P < .05, and 95% confidence intervals (CIs) were calculated. We used consumption of 1 to 6 glasses of sugar-containing soft drinks per week as the reference category in the logistic regression model.
RESULTS
More than 1 in 4 girls and fewer than 1 in 10 boys had an HSCL-10 score above 1.85 (Table 1) . More girls than boys had total difficulties and hyperactivity scores above the 90th percentile, whereas 10% of boys and 5% of girls had conduct problem scores above the 90th percentile.
Most of the participants consumed an average of between 1 and 6 glasses of sugarcontaining soft drinks each week. However, there were marked differences according to gender: 21% of girls and 46% of boys consumed 1 glass or more every day (Table 2) . A third of the participants' parents had completed only primary school or secondary school (Table 1) . Almost 25% of parents were divorced; only 1% of the participants lived in foster homes. Sixty-four percent of boys had stopped smoking or had never smoked, and the corresponding figure for girls was 53%.
Among both male and female participants, mean HSCL-10 scores, mean total difficulties scores, and mean conduct problem scores took the form of J-shaped curves Note. One glass = 200 ml. Some percentages do not sum to 100 as a result of missing data. All P values for differences between boys and girls (Pearson χ 2 tests) were significant at the .001 level.
when number of soft drinks was plotted on the x-axis ( Figure 1) ; that is, adolescents who did not consume soft drinks had higher scores (indicating worse symptoms) than those who consumed soft drinks at moderate levels but lower scores than those who consumed soft drinks at high levels. The means were lowest for those consuming 1 to 6 glasses per week, after which means increased with increasing numbers of glasses consumed. There was a direct dose-response relationship between hyperactivity score and number of soft drinks consumed.
The highest crude odds ratios were found for total difficulties scores among boys consuming 4 glasses or more per day and for conduct problem scores among girls consuming the same amount (Table 3) . After adjustment for food-related, social, and behavioral variables, odds ratios dropped relative to crude rates at all soft drink consumption levels. The J-shaped curve remained for each of the dependent variables other than conduct problems for boys and hyperactivity for girls. With the exception of hyperactivity scores among girls consuming 4 or more glasses per day, odds ratios were significant for all dependent variables after adjustment. Among both boys (OR = 2.8; 95% CI = 1.8, 4.4) and girls (OR = 4.1; 95% CI = 2.0, 8.4), adjusted odds ratios were highest for conduct problems.
DISCUSSION
There was a strong association between soft drink consumption and mental health problems among Oslo 10th graders. This association remained significant after adjustment for social, behavioral, and food-related factors. With the exception of hyperactivity score, all of the response variables exhibited a J-shaped dose-response relationship with soft drink consumption. One possible explanation for the non-J-shaped association between consumption and hyperactivity is that hyperactivity is more related to consumption of sugar than the other variables assessed, even at small doses.
A strength of this study of all 15-to 16-year-old adolescents in Oslo was the high response rate (88.3%) for 2 consecutive years.
Selection bias thus was only a minor problem. We used a pair of validated questionnaires in assessing mental health problems, and we were able to control for known possible confounders in our multivariate analyses.
To our knowledge, this is the first population-level study to investigate the association between consumption of a sugar-rich nutrient and mental health problems among adolescents. Other experimental studies have explored the relation between sugar consumption and attention deficit-hyperactivity disorder. 2 In meta-analyses and literature reviews conducted in the mid-1990s, it was concluded that sugar had no detrimental effects on children with this disorder.
22,23
Note. HSCL = Hopkins Symptom Checklist. Numbers represent sample sizes.  RESEARCH AND PRACTICE  Note. OR = odds ratio; CI = confidence interval. One glass = 200 mL.
a Adjusted for consumption of potato chips, chocolates/sweets, and fruit/berries; regular consumption of lunch and breakfast; parental educational level; family structure; perceived social support; history of intoxication; and smoking status.
However, these conclusions have recently been contested. 24 First, the experimental studies were carried out in a laboratory environment, masking the effects of sugar on behavior. Second, the artificial sweetener used as a placebo in these studies may have had behavioral effects. Third, the studies' sample sizes were small, and the sugar consumption levels assessed were lower than children's typical consumption levels. 25 The associations we found might be spurious. For example, we have not been able to determine whether other sugar-rich food items may have an influence on mental health status. Furthermore, we have not been able to determine whether substances in soft drinks other than sugar may trigger mental health problems. One such ingredient is caffeine, a well-known stimulant found in cola products. More detailed information is needed to explore possible associations between caffeine consumption and mental health problems among adolescents.
The effects of sugar consumption on mental health may not be direct; rather, they may be mediated through other nutritional or behavioral factors. Micronutrients, which some studies have shown to be related to conduct problems, may represent one such confounder.
26,27 A recent study of Norwegian adolescents revealed that fruit and vegetable intakes were 30% to 40% lower among those with a diet rich in refined sugar than among those with a diet containing less refined sugar. Added sugar intakes seemed to displace consumption of micronutrient-rich foods and to dilute the nutrient density of these adolescents' diets. 28 
Limitations
A specific problem with cross-sectional studies is that individuals who report exposures also report outcomes at the same point in time. This situation can result in dependent information bias, which may falsely inflate associations. 29 For example, some responders may systematically report the most negative exposures and outcomes, and others may report the most positive exposures and outcomes. One way to eliminate this possible source of bias is to obtain objective information on exposures and outcomes. However, we have no reason to believe that our participants had any preconceived thoughts about a connection between soft drink consumption and mental health status. Another type of problem with such studies is that some respondents may systematically tend to mark the response alternatives that appear at either the right or the left, thus, possibly deflating or inflating the results. 30 After considering possible sources of bias, we conclude that there is in fact an association between consumption of sugar-containing soft drinks and mental health problems among Oslo adolescents. The effects of sugar consumption on mental health need to be explored further within ongoing international efforts to map sugar's harmful health consequences.
Public Health Implications
As a result of their daily average intake of 2 to 3 glasses or more of sugar-containing soft drinks, 25% of boys 15 and 16 years of age in Oslo consume a minimum of 50 g of sugar per day from these beverages. On the basis of the recommendation of Norway's National Council for Nutrition that added sugar should account for only 10% of daily calorie intake, 31 average recommended daily sugar intakes for 15-and 16-year-old boys and girls would be approximately 65 g and 50 g, respectively. Given the harmful effects of excessive sugar consumption, policymakers should aim at reducing sugar intakes in this population. One obvious option is to reduce soft drink consumption. Several studies have shown that price affects food choices among adolescents. 32 For example, a recent Norwegian study showed that a doubling of taxes on the production and sales of soft drinks would result in a 27% price increase and a 44% reduction in household consumption. 33 Types of foods available in schools are also important determinants of adolescents' eating habits. 34 Studies have
shown that dietary habits are established in the midteens and that these habits are closely associated with lifestyles. 35, 36 Thus, young adolescents represent a prime target group for nutrition education programs, including programs focusing on the harmful effects of excessive sugar consumption. Finally, one simple and effective measure to reduce soft drink consumption in this age group would be to remove soft drink machines from schools and other public places where adolescents gather.
